Background: The chemopreventive activities of cruciferous vegetables were recognized in the early 1990s, followed by a growth of evidence in various cancer models, including breast
Introduction
Breast cancer is the most common cancer and is the second leading cause of cancer-related mortality among American women (1) . Various risk factors and prognostic factors for breast cancer have been studied. The chemopreventive activities of cruciferous vegetables were recognized in the early 1990s, followed by a rapid growth of evidence of their potential preventive role against a number of cancers, including breast cancer (2) (3) (4) (5) . Cruciferous vegetables are rich unique sources of glucosinolates, whose hydrolytic products, primarily isothiocyanates (ITCs) and indoles, may have cancer chemopreventive properties. Evidence from in vitro and in vivo studies suggests that ITCs and indoles may prevent or inhibit breast cancer development through the following mechanisms: modulating activity of phase I and phase II enzymes (6) (7) (8) , inhibiting cell proliferation (9) (10) (11) (12) (13) (14) , regulating the expression of estrogen receptor (15) , altering the metabolism of estrogen (16) (17) (18) (19) , or suppressing cyclooxygenase 2 (COX-2) (20, 21) .
Despite strong evidence from cell and animal experiments on the preventive effects of cruciferous vegetables on breast carcinogenesis, epidemiologic studies often generate inconsistent results. In a case-control study, we previously found a marginally significant inverse association with cruciferous vegetable intake among premenopausal women only (OR: 0.60; 95% CI: 0.40, 1.01; P = 0.058) (22) , whereas Gaudet et al. (23) reported that reduced risk was only observed among postmenopausal women (OR: 0.80; 95% CI: 0.60, 1.05). Two case-control studies from Chinese populations also presented mixed results. A significant inverse association was observed by Zhang et al. (24) (OR: 0.49; 95% CI: 0.32, 0.74; P , 0.001), whereas Shannon et al. (25) observed no associations, even in the highest intake category (OR: 1.08; 95% CI: 0.62, 1.89). In a meta-analysis including 11 case-control and 2 cohort studies, Liu and Lv (26) found the significant inverse association only among postmenopausal women.
Several factors may contribute to the observed inconsistencies. First, hydrolysis products of glucosinolates, especially ITCs, may be largely reduced by cooking procedures (27) (28) (29) , which should be taken into account in considering the role of cruciferous vegetables in cancer prevention. Second, cruciferous vegetables were not assessed comprehensively in most of the previous studies. Third, with the increased attention on cruciferous vegetables for cancer prevention, as well as the public health campaigns on vegetable and fruit consumption since the 1990s (30) , cruciferous vegetable consumption may have changed considerably, resulting in differential impact on risk-association studies across time. In the current study, we investigated temporal trends in self-reported cruciferous vegetable consumption among breast cancer cases and controls, compared with the trends in total vegetable consumption and examined the effects of cruciferous vegetable intake on breast cancer risk within each time period. These analyses allowed for the consideration of raw compared with cooked consumption separately and included more comprehensive information on cruciferous vegetables commonly consumed in the United States (i.e., broccoli, cabbage, cauliflower, Brussels sprouts, kale, and turnip, collard, and mustard greens).
Methods

Study population
In this case-control study, all cases and controls were drawn from patients at Roswell Park Cancer Institute (RPCI; Buffalo, New York) who participated in the Patient Epidemiology Data System (PEDS) from 1982 to 1998. PEDS contains data gathered from a self-administered survey offered to all new patients receiving medical service at RPCI. Controls were randomly selected from a pool of .8000 potentially eligible patients who came to RPCI with a suspicion of neoplastic disease but were diagnosed with conditions other than cancer and treated at RPCI, including infectious and parasitic diseases (20%), diseases of the circulatory system (12%), ill-defined signs and symptoms (17%), diseases of the genitourinary system (13%), benign neoplasms (8%), and other various conditions (28%) during the same time period as were cases. The overall response rate was ;50% for both cases and controls. Participants provided written informed consent. Procedures for the protection of human subjects in this study were approved by the Institutional Review Board at RPCI. Breast cancer cases in the current study were defined as women diagnosed with incident, primary, histologically confirmed breast cancer. Controls were eligible if they were cancer-free at the time of service, without benign tumors, and with no previous history of cancer. Controls were frequency matched to cases on age and year of admission to the PEDS study (usually same as year of disease diagnosis) by using 5-y intervals for both of these criteria. In total, 1491 breast cancer cases and 1482 controls who were predominantly white (99%) and ranged in age from 21 to 97 y were included.
Questionnaire data
Data relevant to breast cancer risk factors were obtained for cases and controls from the PEDS questionnaires, which included information on demographic characteristics, tobacco use and alcohol consumption, reproductive history, medical history, and family history of cancer, as well as a 44-item FFQ assessing usual diet in the few years before diagnosis. The 44-item FFQ was designed to provide an assessment of intakes of fruit and vegetables, including cruciferous vegetables, and foods that are sources of fat, fiber, and vitamins A, C, and E (31). This brief FFQ was validated by Byers et al. (31) with the use of data from the Western New York Diet Study, showing that a large fraction of the variability in nutrient intake in the population of western New York regions could be explained by a small number of foods ascertained in an abbreviated dietary history questionnaire for epidemiologic studies. For cruciferous vegetables, the consumption of broccoli, cabbage, and cauliflower was documented separately as raw or cooked, whereas intakes of other vegetables, including Brussels sprouts, kale, turnip greens, collard greens, and mustard greens, were combined intakes of both raw and cooked. The consumption of each vegetable was queried according to the categories of never, ,1 time/mo, 1-3 times/mo, 1-4 times/wk, or 5-7 times/wk, and a serving size of 0.5 cup was applied. Only the participants with all categories of cruciferous vegetable intake missing were excluded from the analysis.
The monthly frequency of consumption for each food category was calculated, and the unit denoted as servings per month (1 serving = 0.5 cup). Intakes of kale and turnip, collard, and mustard greens were summed as "greens & kale" intake, because their individual consumption is relatively uncommon. Total cruciferous vegetable intake was calculated as the sum intake of all individual cruciferous vegetables in our study. Total vegetable intake was calculated as the sum of carrots, tomatoes, spinach, lettuce, beans, white potatoes, squash (soft or hard), green peas, eggplant, tomato juice, and total cruciferous vegetables. Total energy intake could not be calculated from the brief 44-item FFQ; therefore, total meat intake was used to adjust for the potential confounding effect of overall diet composition. Total meat intake was the sum intake of pork chops, hotdogs, canned ham, ham, salami, liver, pork sausage, beef, bacon, chicken, and hamburger.
Statistical analysis
On the basis of the distribution in the controls, the intake of total cruciferous vegetables was categorized into quartiles and broccoli, cabbage, and cauliflower intakes were categorized into tertiles. For individual cruciferous vegetables in both raw and cooked categories, as well as Brussels sprouts and "greens & kale," consumption was dichotomized (,1 and $1 servings/mo). Menopausal status was selfreported. Women without information on their menopausal status (11 patients) were categorized as postmenopausal if .50 y old; otherwise, they were considered premenopausal.
Local regression (loess) was used to describe the relation between median consumption of selected food items (total vegetables, total cruciferous vegetables) and the year of admission (usually the same as the year at diagnosis). Loess is known as locally weighted polynomial regression proposed by Cleveland and colleagues (32, 33) . As a nonparametric method, the loess curve often shows relatively complex relations and provides a graphic summary of the relation between a dependent variable and $1 independent variables (34) . The median intake of each food group was calculated within each year, and the loess curves were produced to investigate the potential change in consumption pattern.
Two-tailed t tests and Pearson's chi-square tests were conducted to evaluate differences between cases and controls for continuous and categorical variables, respectively. ORs and 95% CIs for breast cancer in relation to cruciferous vegetable intake were calculated with unconditional logistic regression by using the lowest intake category as the referent. Potential variables as listed in Table 1 were evaluated by using stepwise selection approaches at the entry level of 0.1 and the stay level of 0.05. The significant covariates included family income (6 categories), BMI (continuous), age at menarche (continuous), age at first birth (continuous), parity (0, 1, 2, or $3 children), history of first-degree family member with breast cancer (yes or no), use of hormone replacement therapy (yes or no), and total meat intake (continuous). The final model also included cigarette smoking (never, former, or current smoker) due to different distributions between cases and controls in the study, as well as age (continuous) and year of admission (continuous). Age and year of admission were included to account for the potential change in diet habit and breast cancer diagnosis criteria over time. Multiplicative interactions were tested through the inclusion of cross-product terms in the logistic regression models. Statistical analyses and figure plotting were performed by using SAS for Windows, version 9.2. All tests were 2-sided and considered significant when P , 0.05.
Results
The descriptive characteristics of cases and controls are summarized in Table 1 . No significant differences were observed between cases and controls for age at diagnosis and year of admission, indicating the successful matching on these 2 criteria. Compared with controls, cases tended to have a higher family income (P , 0.0001), a higher BMI (P = 0.0041), a younger age at menarche (P = 0.0448), an older age at first birth (P = 0.0045), and a greater likelihood of having a first-degree relative with breast cancer (P = 0.0055). Although the use of hormone replacement therapy was slightly lower in cases than in controls (20.2% compared with 24.4%), particularly among postmenopausal women (25.8% compared with 32.4%), hormone replacement use was a risk factor for breast cancer risk in our study with an OR of 1.27 (95% CI: 1.07, 1.51). There were more current smokers in the control group than in the case group; however, there was no significant difference in pack-years smoked between cases and controls (data not shown). In terms of education, employment, alcohol intake, parity, breastfeeding duration, history of benign breast disease, and oral contraceptive use, there were no significant differences between cases and controls.
The median intakes of total cruciferous vegetables, vegetables, fruit, and meats were calculated within each year to examine the consumption patterns during 1982-1998 with the use of loess curves. As shown in Figure 1A , total cruciferous vegetable intake in controls increased after 1982, reached a plateau between 1988 and 1993, and then decreased after 1993. However, the intake of total cruciferous vegetables in cases showed a slow but steady increase from 1982 to 1998, although the magnitude of increase was smaller than that in controls. Interestingly, similar "increasing then declining" patterns were observed for total vegetable intake in controls, whereas cases showed no change in terms of total vegetable intake ( Figure 1B) .
On the basis of the distribution of consumption in controls during 1982-1998, adjusted ORs and corresponding 95% CIs for the intake of cruciferous vegetables and breast cancer risk were examined separately by different year strata ( Table 2) . No significant association was observed in the "1982-1987" stratum, whereas a strong inverse association appeared in the strata of "1988-1992" and "1993-1998," showing a significant doseresponse relation within both strata. The inverse association tended to be more pronounced within more recent-year stratum, showing smaller ORs and narrower 95% CIs. For example, comparing the lowest to the highest intake category, ORs (95% CIs) for cruciferous vegetable intake and breast cancer risk changed from 0.89 (0.64, 1.23) in 1982-1987, to 0.58 (0.37, 0.92) in 1988-1992, and to 0.52 (0.33, 0.83) in 1993-1998. Similar trends were observed for total vegetable intake, whereas no significant association was observed for total fruit intake in any of the time periods (data not shown).
Combining all of the time periods, cruciferous vegetable intake was inversely associated with breast cancer risk, with a significant dose-response relation (P-trend = 0.0006) ( Table 3) . Adjustment of other vegetable intake in the analyses barely altered the associations (data not shown). Compared with those with the lowest intake, the highest intake was associated with a 32% reduction in odds of breast cancer (adjusted OR: 0.68; 95% CI: 0.55, 0.86). Similar significant inverse associations and dose-response relations were observed for broccoli and cauliflower intakes. Intakes of cabbage, Brussels sprouts, kale, and other greens also showed inverse associations with breast cancer risk, although the associations were not significant. The association of cruciferous vegetable intake was further examined in raw and cooked forms separately with breast cancer risk in Table 4 . For broccoli intake, a significant inverse association was observed for both raw (OR: 0.78; 95% CI: 0.66, 0.91) and cooked (OR: 0.83; 95% CI: 0.70, 0.99) intakes, whereas for cauliflower intake, raw consumption (OR: 0.77; 95% CI: 0.65, 0.90) but not cooked consumption (OR, 0.93; 95% CI: 0.79, 1.08) was significantly associated with breast cancer risk. The association with cabbage intake and breast cancer risk was much weaker, with a significant association for cooked cabbage consumption (OR: 0.84; 95% CI: 0.71, 0.99). In general, cruciferous vegetables consumed raw showed more pronounced inverse associations with breast cancer risk than did their cooked counterparts.
Associations between cruciferous vegetable intake and breast cancer risk were also investigated separately in pre-and postmenopausal women ( Table 5 ). Significant inverse associations were observed only in premenopausal women (P-interaction = 0.0601) in a dose-dependent manner (P-trend = 0.0002). The same trend was found for individual cruciferous vegetables. For example, both raw and cooked broccoli intakes were significantly associated with reduced breast cancer risk (raw-OR: 0.59; 95% CI: 0.43, 0.80; cooked-OR: 0.49; 95% CI: 0.34, 0.70) in premenopausal women, whereas the associations in postmenopausal women were much weaker and became nonsignificant for either raw (OR: 0.87; 95% CI: 0.71, 1.05) or cooked (OR: 0.99; 95% CI: 0.80, 1.22) broccoli intake (P-interaction = 0.0397 and 0.0029 for raw and cooked broccoli intakes, respectively).
Discussion
In this hospital-based case-control study, we found that the consumption of cruciferous vegetables increased during 1982-1998, but patterns of increases differed between breast cancer cases and controls. We also observed inverse associations between cruciferous vegetable intake and breast cancer risk, and the associations became more pronounced within more recent-year strata, which is consistent with the general trend of increased consumption among controls. When further stratified by pre-and postmenopausal status, a significant association between cruciferous vegetable intake and breast cancer risk was observed in premenopausal women only. When individual cruciferous vegetables were examined, only broccoli and cauliflower intakes showed a significant inverse association with breast cancer risk; and consistently, the associations were FIGURE 1 Changes in consumption of selected food items during 1982-1998 in breast cancer cases and controls. Loess curves were produced to examine the changes across the year of admission (usually the same as the year at diagnosis, x axis) in the median consumption of selected food items using the unit of servings per month (y axis): total cruciferous vegetables (A) and total vegetables (B). In each panel, the loess curves are presented as solid lines for cases and dashed lines for controls.
observed only in premenopausal women and appeared to be stronger with raw vegetable consumption than with their cooked vegetable counterparts.
Cruciferous vegetable intake changed considerably during 1982-1998 among the controls. As loess curves show (Figure 1 ), the consumption of cruciferous vegetables in controls had 3 phases: median consumption increased from 9 to 16 servings/mo during 1982-1988, reached a plateau during 1988-1993 with a median of 15 servings/mo, and then declined from 1993 (Supplemental Table 1 ). Similar patterns were also observed for total vegetable intake in controls. Many factors may contribute to consumption pattern changes. Interestingly, these changes coincided with the timelines of our understanding of diet and cancer, including cruciferous vegetables. Since the beginning of the 1980s, mounting evidence has been published on vegetable intake and reduction in cancer risk, accompanying various diet-related campaigns for cancer prevention. One of the most important national campaigns in the United States was the 5 A Day program, which was initiated by the National Cancer Institute in 1991; later, the CDC became the lead federal agency and changed the program name to Fruits & Veggies-More Matters (35) . The second wave of increasing vegetable intake from 1991 to 1993 in controls ( Figure 1B ) may be the reflection of this campaign. We further expanded the analysis to include all controls in the PEDS. Similar patterns were observed for all female controls (Supplemental Figure 1 ; n = 5940) as well as total male and female controls (Supplemental Figure  2 ; n = 8685), indicating that the observed consumption patterns in controls were not due to matching with breast cancer cases. On the basis of data from the USDA, the consumption of broccoli, the representative cruciferous vegetable, indeed increased over time, doubling per capita consumption during 1982-1998 (36).
Cruciferous vegetable consumption in our study followed the same trend, although the data were derived from hospital-based controls instead of the general population. Note that the intakes of vegetables and cruciferous vegetables in controls all started to decline from 1993. It is not clear whether this decline was related to phases of public campaigns; however, this calls for continuity of and consistency in public education. Interestingly, compared with the consumption changes in controls, breast cancer cases behaved differently. Cases did not show an increase in vegetable consumption as did controls. In fact, total vegetable intake remained flat during 1982-1998 in cases. For cruciferous vegetables, the consumption increased over time in both cases and controls, although the increase in cases was slower and smaller than that in controls ( Figure 1A) . The divergent consumption patterns between cruciferous vegetables and total vegetables among cases may indicate that specific food categories rather than general food items may be more attractive to the public in terms of cancer prevention. It should be noted that the consumption in the study is self-reported. Cases may have differential recall bias than controls, perhaps reporting higher intakes of cruciferous vegetables than their actual intakes. However, the consumption of either cruciferous vegetables or total vegetables was generally lower among cases than controls, indicating that there are still existing areas for continued public health education.
In response to changes in cruciferous vegetable consumption during 1982-1998, the associations with breast cancer risk also varied accordingly, showing strengthened associations in recent-year strata ( Table 2 ). The more pronounced associations in recent years may be attributed to the increased variability in consumption due to different consumption patterns between cases and controls. It is noteworthy that the cutoff selection was based on the consumption in controls in each corresponding year stratum; therefore, the quartile levels were different across 3-y strata as shown by varied means for cases and controls among each year stratum (Table 2 ). These results indicate that association studies with food consumption may be affected by the time frame of the studies conducted, which may potentially contribute to the mixed results in the literature. Overall, a significant inverse association was observed between cruciferous vegetable intake and breast cancer risk. However, the potential effect of cruciferous vegetables on breast cancer is only limited to premenopausal women but not postmenopausal women (Table 5 ). This is unlikely to be a chance finding because each individual cruciferous vegetable also showed the same trend. Mounting evidence suggests that mechanisms may be different in breast cancer etiology in pre-and postmenopausal women (37) (38) (39) . In addition to antiproliferative activity against breast cancer cells, dietary ITCs have been shown to modulate estrogen metabolism (16) (17) (18) (19) , which may have a greater impact on premenopausal women than on postmenopausal women.
It has been established that cooking processes could lead to heat-inactivation of myrosinase, the enzyme catalyzing the release of ITCs from the precursors in the vegetables, and the destruction of heat-labile ITCs (27) (28) (29) . Few previous studies separately investigated raw compared with cooked cruciferous vegetable intake in relation to breast cancer risk, which could partly explain the inconsistency in the existing literature, because eating or cooking styles vary across different populations. In the current study, the 3 most commonly consumed cruciferous vegetables in the United States-broccoli, cauliflower, and cabbage-were examined separately in raw and cooked forms (Table 4) . Both broccoli and cauliflower showed stronger inverse associations with breast cancer risk when consumed raw than when consumed cooked. However, a borderline significant association was observed with cooked cabbage intake but not with raw cabbage intake. It is possible that coleslaw consumption (counted as raw consumption) dilutes the association of raw cabbage intake with breast cancer risk, because it is usually consumed with mayonnaise, buttermilk, cream, etc., and high fat intake is a suspected risk factor for breast cancer (40) . No significant associations were observed with intakes of Brussels sprouts, kale, and collard, mustard, and turnip greens, which may be partly related to the less common consumption and frequent overcooking of these vegetables. Several limitations need to be discussed. Recall bias is always a concern in case-control studies. The FFQ was completed after diagnosis, and so may not provide a precise assessment of dietary habits before disease. However, in the current study, cases reported a steady increase in cruciferous vegetable intake during 1982-1998. If this phenomenon is due to overreporting, the inverse association between cruciferous vegetable intake and breast cancer risk may be underestimated in the current study. Selection bias may also occur. Both cases and controls were limited to individuals who came to the RPCI, a large regional comprehensive cancer center. However, the demographic characteristics of our population are comparable to the general population as shown in Table 1 . Therefore, representativeness might not be a main issue. It needs to be pointed out that due to lack of physical activity information and to participants who were predominantly white (99%), these 2 important factors could not be considered in the study.
In summary, the current study suggests that cruciferous vegetable intake is associated with reduced breast cancer risk, in particular with broccoli and cauliflower intakes. The inverse association of cruciferous vegetable consumption with breast cancer risk seems to be more apparent in premenopausal women. Biologically, dietary ITCs obtained from cruciferous vegetables have been shown to modulate estrogen metabolism, which may, at least partly, explain the differential effect of cruciferous vegetable intake on pre-and postmenopausal women, although other mechanisms may apply. These data also indicate the successful impact of public health efforts on encouraging vegetable consumption, which may change consumption patterns and modify the results of association studies on vegetables and disease.
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